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（Haliotis sieboldii Reeve）和皱纹盘鲍（Haliotis discus hannai Ino）为材料，开
展二者间的杂交工作，查清影响西氏鲍与皱纹盘鲍杂交受精率的主要因素，并借






配子排放时间。将水温控制在 18-20 ℃，授精精子浓度达 2.6×107 个·mL-1 以上，
在配子排放时迅速授精，可以显著提高杂交受精率。 
2．西氏鲍与皱纹盘鲍杂交 F1 的形态学比较 
    1）西氏鲍与皱纹盘鲍杂交 F1 形态特征 
西氏鲍、皱纹盘鲍及正反交 F1 的 8 个形态特征比例参数的方差分析、聚类
分析、主成分分析和判别分析表明，正反交 F1 的形态特征介于两亲本之间，略
偏向西氏鲍。正反交 F1 在 SW/SH 和 PO/SH 上差异显著（P<0.05），这两个参数
可作为区分正反交 F1 的形态学指标。 
2）西氏鲍与皱纹盘鲍杂交 F1 齿舌结构比较 
西氏鲍、皱纹盘鲍及正反杂交 F1 齿舌的齿式均为∞＋5＋R＋5＋∞，在结构
上极为相似。对西氏鲍、皱纹盘鲍及正反杂交 F1 的 8 个齿舌形态比例参数分别
进行了方差分析、聚类分析和主成分分析，结果表明，西氏鲍与皱纹盘鲍正反杂
交 F1 齿舌形态结构除了正交 F1 在中央齿基部宽度/壳长（WR/SL）的比值上表现
出与其母本不同外，在其余齿舌形态比例参数上均表现出与母本相似的特点。 

















53.95±2.48 μm，反交 F1 的精子全长 52.48±2.63 μm。正反交 F1 精子的超微结构与
皱纹盘鲍相比无明显差异，但与西氏鲍存在一定的差异。正反交 F1 精子的线粒
体数量具多态性，线粒体数量为 5 或 6 个。聚类分析和主成分分析结果表明，正
反交 F1 精子的形态结构与皱纹盘鲍较为接近而与西氏鲍有较大差异。 
3．西氏鲍与皱纹盘鲍杂交 F1 的遗传本质 
1）杂交 F1 的染色体核型分析 
染色体核型分析和比较，结果表明，正反交 F1 与西氏鲍和皱纹盘鲍的染色
体核型相同，均为 2n=20m＋16sm，NF＝72。正反交 F1 染色体的 1 号染色体对
的相对长度介于西氏鲍与皱纹盘鲍之间（6.87-8.21），与其余染色体间的差异较
大，可作为区分亲本和杂交 F1 的特征染色体对。在部分正交和反交 F1 的幼体染
色体分裂相中，出现了异常的染色体分裂相，其核型为 2n＝24m+10sm+2st。 
    2）杂交 F1 的 SSR 分子鉴定 
从 20 对已公布皱纹盘鲍的微卫星引物中筛选出 2 对引物对西氏鲍与皱纹盘
鲍正反交 F1 进行分子鉴定，结果表明在杂交 F1中能同时扩增出分别来自西氏鲍
与皱纹盘鲍的片段，可以有效地区分杂交 F1 与双亲。 
    3）杂交 F1 的 AFLP 分析 
利用 5 对引物对 AFLP 标记在西氏鲍与皱纹盘鲍正反交家系 F1 中的多态性
和分离规律进行研究，结果表明 AFLP 标记在正反交 F1 中多态性高，在正交和
反交家系中，经卡方检验（α=0. 05），符合孟德尔分离规律的位点分别占总位点
数的 52.46%和 50.16%，说明西氏鲍与皱纹盘鲍杂交家系适合于遗传图谱的构建。 
利用 7 对 AFLP 引物对西氏鲍与皱纹盘鲍杂交 F1 群体遗传结构进行分析，
结果表明杂交 F1 群体与亲本自繁群体相比具有较高的多态性，西氏鲍与皱纹盘
鲍的遗传差异较大，正反交 F1 同时拥有皱纹盘鲍和西氏鲍的特异位点，表明双
亲遗传物质均传递给杂交 F1，证实了种间杂交的成功。正反交 F1 与其母本组合
的基因分化系数（Gst）均较小，分别为 0.2747（DS/DD）和 0.2684（SD/SS）；
与父本组合的 Gst 值则分别为 0.4785（DS/SS）和 0.5126（SD/DD），表明正反交
子代群体与母本分化程度低于与父本分化程度，正反交 F1 在分子水平上偏向母
本。 















以线粒体 16S rRNA 和 COI 基因作为分子标记对正反交 F1的遗传特性进行
分析，结果表明，除个别个体的个别碱基发生变化外，正反交杂交子代的 16S 
rRNA 和 COI 基因均与各自的母本一致，未检测到父本的线粒体 DNA 类型，说
明西氏鲍与皱纹盘鲍杂交过程中线粒体 16S rRNA和COI基因是遵循严格的母性
遗传的。 
4．西氏鲍与皱纹盘鲍杂交 F1 的数量性状遗传初步研究 
1）西氏鲍与皱纹盘鲍的杂交优势 
西氏鲍与皱纹盘鲍正反交 F1 在苗种阶段即表现出一定的生长优势，但在苗
种阶段杂交 F1 成活率的杂种优势不明显，在养成阶段（180-720 d），正反交 F1
的生长明显优于其双亲自繁 F1（P<0.05），正反交 F1 生长的中亲杂种优势率和超
亲优势率均得到大幅度的提高，表现出正向的杂种优势。正反杂交 F1 在养成阶
段的存活率与皱纹盘鲍相比显著提高（P<0.05）；但与西氏鲍相比无显著差异
（P>0.05），正反交 F1 之间的存活率无显著差异（P>0.05）。 
2）不同养殖条件下西氏鲍与皱纹盘鲍杂交 F1 的杂种优势 
养殖密度和养殖种类对鲍生长和存活的影响极显著（P<0.01），尤其是在高
密度养殖条件下杂交 F1 在存活率上具有更高的杂种优势；正反交 F1在工厂化养
殖模式和海区吊养模式下的生长与存活均表现出杂种优势，但杂种优势的表现程
度并不同，在工厂化养殖模式下杂交 F1 的杂种优势得到更好的表现。 






正反交 F1 贝壳性状与活体重的回归方程，分别为： 
正交 F1：Y=-181.723+2.4327X1+1.2548X2+1.2128X3+2.2128X4， 


















    Nowadays, hybridization has been used widely in aquacuture breeding. In order 
to produce some faster growth and well disease-resistant aquacuture varieties, 
hybridization between Haliotis sieboldii and Haliotis discus hannai was studied. The 
present study is to deal with the feasibility and early development of hybridizaiton 
between these two abalone species. Factors affecting fertilization success has also 
been reported. By taking advantage of karyotype analysis, amplified fragment length 
polymorphisms (AFLP), microsatellite (SSR) and mitochondrial 16S rRNA and COI 
gene sequences, the morphologieal cytological and molecular characterizations of  
hybrids and pure progenies were conducted. The status of hybrids were confirmed. 
Meanwhile, the heterosis of hybrids in different stages and cuture enviroments was 
investigated.The major results and conclusions were as follows: 
1. Factors affecting fertilization success of hybridizaiton between H. sieboldii and H. 
discus hannai 
To overcome the gametic incopatibility of interspecific hybridization between H. 
sieboldii and H. discus hannai, the effects of temperature, sperm concentration, 
gametic age, pH and Ca2+ on the fertilization rate were investigated. The results 
showed that temperature, sperm concentration and gametic age were major factors 
which affecting fertilization success. The fertilization rate of SD can reach over 70%, 
when eggs inseminated with heterogeneous sperm at a concentration about 
2.6×107sperm·mL-1 in 18-20 °C. 
2. Comparative morphological study on reciprocal hybrids between H. sieboldii and H. 
discus hannai 
1) Morphological characterizations of H. sieboldii, H. discus hannai and their 
reciprocal hybrids 
Based on eight morphological proportional traits of H. sieboldii, H. discus 
hannai and their reciprocal hybrids, four multivariation analysis methods, including 
one-way ANOVA, cluster analysis, prinpical component analysis and discriminant 















results showed that reciprocal hybrids showed significant morphological variations 
with SW/SH and PO/SH (P <0. 05), these parameters can be used to differentiate 
hybrids and purebrids. Cluster analysis and PCA analysis showed that morphological 
traits of the reciprocal hybrids were similar with H. sieboldii. The discriminant 
functions of hybrids and purebrids were established, and the discriminant accuracy 
was 67.5% (DS) and 72.5% (SD). The total discriminant accuracy of hybrids was 70 
%. 
2) Radular characterizations of H. sieboldii, H. discus hannai and their reciprocal 
hybrids 
The radula of hybrids and pruebrids abalone were studied using the Scanning 
Electron Microscope(SEM). The teeth model of H. sieboldii, H. discus hannai and 
their reciprocal hybrids were ∞＋5＋R＋5＋∞. Based on eight radular morphological 
proportional traits of H. sieboldii, H. discus hannai and their reciprocal hybrids, three 
multivariation analysis methods, including one-way ANOVA, cluster analysis and 
prinpical component analysis were adopted to comparatively investigate the radular 
morphological variation. The results showed that radular morphology of reciprocal 
hybrids were similar with their female parent except DS has differ with H. discus 
hannai in WR/SL.  
3) Ultrastructure of spermatozoon of H. sieboldii, H. discus hannai and their 
reciprocal hybrids 
The ultrastructure of spermatozoon of H. sieboldii, H. discus hannai and their 
reciprocal hybrids were examined by transmission electron microscopy (TEM) and 
scanning electron microscopy (SEM) . The sperm morphology of reciprocal hybrids 
were same to H. sieboldii and H. discus hannai. The total average length of each 
mature spermatozoan of DS and SD were 53.95±2.48 μm and 52.48±2.63 μm, 
respectively. Cluster analysis and prinpical component analysis showed that the 
ultrastructure of spermatozoon of reciprocal hybrids were similar with H. discus 
hannai.  
3. Genetic analysis of H. sieboldii, H. discus hannai and their reciprocal hybrids 















The results showed that karyotype of H. sieboldii, H. discus hannai and their 
reciprocal hybrids were 2n=20m+16sm, NF=72. The chromosome numbers of hybrids 
were accord with theoretical experctation of hybrids between two species. Detail 
analysis showed tha the relative length of No.1 chromosome of DS and SD was 
ranged between H. sieboldii and H. discus hannai (6.87-8.21). This character can be 
used to distinguish hybrids and their parents. Abnormal metaphases had been found in 
reciprocal hybrids in their trochophore stage, the karyotype of these metaphases was 
2n=24m+10sm+2st. 
2) Molecular identification of H. sieboldii, H. discus hannai and their reciprocal 
hybrids 
Two pairs of SSR (Awb 002 and Awb 026) were filtered from 20 primer pairs of 
H. discus hannai,  which can produced steady and clear amplification bands to 
identify hybrids and their parents. 
3) AFLP analysis of H. sieboldii, H. discus hannai and their reciprocal hybrids 
The polymorphism and the segregation patterns of the AFLP markers in H. 
sieboldii, H. discus hannai and their reciprocal hybrids were studied using five primer 
combinations. The results showed that the polymorphism of the AFLP markers in the 
hybrids was high, and the average frequency of Mendelian segregation loci was 
52.46% and 50.16% in DS and SD families. The results demonstrate that AFLP is 
highly efficient and can be used to construct genetic linkage map for hybrids between 
H. sieboldii and H. discus hannai. The species-specific markers of both parents were 
also amplified in hybrids, these loci proved the genetic materials of both parents could 
be transmitted to the hybrids, indicating the success of hybridization. 
AFLP analysis of the population genetic structure and genetic diversity of H. 
sieboldii, H. discus hannai and their reciprocal hybrids was carried out using seven 
AFLP primer combinations. The results showed that there were plentiful genetic 
diversity in the reciprocal hybrids of H. sieboldii × H. discus hannai. Genetic distance 
was maximum between H. sieboldii and H. discus hannai and was minimum between 
hybrid and their femal parent. Gst was minimum between reciprocal hybrids and 
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